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Federal Research Statement 

[0002] [Not Applicable] 
Background of Invention 

[0003] Field of the Invention 

[0004] jhe present invention relates to a golf ball. More specifi- 
cally, the present invention relates to a solid three-piece 
golf ball with an aerodynamic surface geometry, a rela- 
tively thin cover, a high core compression, a high cover 
hardness and an initial velocity limited to less than 255 
feet per second. 

[0005] Description of the Related Art 

[0006] The traditional golf ball, as readily accepted by the con- 
suming public, is spherical with a plurality of dimples, 
with each dimple having a circular cross-section. Many 
golf balls have been disclosed that break with this tradi- 
tion, however, for the most part these non-traditional golf 
balls have been commercially unsuccessful. 

[0007] Most of these non-traditional golf balls still attempt to 
adhere to the Rules Of Golf, as set forth by the United 
States Golf Association ("USGA") and The Royal and An- 
cient Golf Club of Saint Andrews ("R&A"), which have 



placed controls on the construction and performance of 
golf balls. As set forth in Appendix III of the Rules of Golf, 
the weight of the ball shall not be greater than 1.620 
ounces avoirdupois (45.93 g), and the diameter of the ball 
shall not be less than 1.680 inches (42.67mm), which is 
satisfied if, under its own weight, a ball falls through a 
1.680 inches diameter ring gauge in fewer than 25 out of 
100 randomly selected positions, the test being carried 
out at a temperature of 23±1°C. In addition, the ball must 
not be designed, manufactured or intentionally modified 
to have properties, which differ from those of a spherically 
symmetrical ball. 

[0008] One example is Shimosaka et al., U.S. Patent Number 

5,916,044, for a Golf Ball that discloses the use of protru- 
sions to meet the 1.68 inches (42.67 mm) diameter limi- 
tation of the USGA and R&A. The Shimosaka patent dis- 
closes a golf ball with a plurality of dimples on the surface 
and a few rows of protrusions that have a height of 0.001 
to 1.0 mm from the surface. Thus, the diameter of the 
land area is less than 42.67 mm. 

[0009] Another example of a non-traditional golf ball is Puckett 
et al., U.S. Patent Number 4,836,552 for a Short Distance 
Golf Ball, which discloses a golf ball having brambles in- 



stead of dimples in order to reduce the fliglit distance to 
half of that of a traditional golf ball in order to play on 
short distance courses. 

[0010] Another example of a non-traditional golf ball is Pock- 
lington, U.S. Patent Number 5,536,013 for a Golf Ball, 
which discloses a golf ball having raised portions within 
each dimple, and also discloses dimples of varying geo- 
metric shapes, such as squares, diamonds and pentagons. 
The raised portions in each of the dimples of Pocklington 
assist in controlling the overall volume of the dimples. 

[0011] Another example is Kobayashi, U.S. Patent Number 

4,787,638 for a Golf Ball, which discloses a golf ball hav- 
ing dimples with indentations within each of the dimples. 
The indentations in the dimples of Kobayashi are to re- 
duce the air pressure drag at low speeds in order to in- 
crease the distance. 

[0012] Yet another example is Treadwell, U.S. Patent Number 

4,266,773 for a Golf Ball, which discloses a golf ball hav- 
ing rough bands and smooth bands on its surface in order 
to trip the boundary layer of air flow during flight of the 
golf ball. 

[0013] Aoyama, U.S. Patent Number 4,830,378 for a Golf Ball 

with Uniform Land Configuration, discloses a golf ball with 



dimples that have triangular shapes. The total flat land 
area of Aoyama is no greater than 20% of the surface of 
the golf ball, and the objective of the patent is to optimize 
the uniform land configuration and not the dimples. 

[0014] Another variation in the shape of the dimples is set forth 
in Steifel, U.S. Patent Number 5,890,975 for a Golf Ball 
and Method of Forming Dimples Thereon. Some of the 
dimples of Steifel are elongated to have an elliptical 
cross-section instead of a circular cross-section. The 
elongated dimples make it possible to increase the sur- 
face coverage area. A design patent to Steifel, U.S. Patent 
Number D406,623 has all elongated dimples. 

[0015] A variation on this theme is set forth in Moriyama et al., 
U.S. Patent Number 5,722,903 for a Golf Ball, which dis- 
closes a golf ball with traditional dimples and oval shaped 
dimples. 

[0016] A further example of a non-traditional golf ball is set 
forth in Shaw et al., U.S. Patent Number 4,722,529 for 
Golf Balls, which discloses a golf ball with dimples and 30 
bald patches in the shape of a dumbbell for improvements 
in aerodynamics. 

[0017] Another example of a non-traditional golf ball is 

Cadorniga, U.S. Patent Number 5,470,076 for a Golf Ball, 



which discloses each of a plurality of dimples having an 
additional recess. It is believed that the major and minor 
recess dimples of Cadorniga create a smaller wake of air 
during flight of a golf ball. 

[0018] Oka et al., U.S. Patent Number 5,143,377 for a Golf Ball, 
discloses circular and non-circular dimples are square, 
regular octagonal, regular hexagonal and amount to at 
least forty percent of the 332 dimples on the golf ball of 
Oka. These non-circular dimples of Oka have a double 
slope that sweeps air away from the periphery in order to 
make the air turbulent. 

[0019] Machin, U.S. Patent Number 5,377,989 for Golf Balls with 
Isodiametrical Dimples, discloses a golf ball having dim- 
ples with an odd number of curved sides and arcuate 
apices to reduce the drag on the golf ball during flight. 

[0020] Lavallee et al., U.S. Patent Number 5,356,150, discloses a 
golf ball having overlapping elongated dimples to obtain 
maximum dimple coverage on the surface of the golf ball. 

[0021] Oka et al., U.S. Patent Number 5,338,039, discloses a golf 
ball having at least forty percent of its dimples with a 
polygonal shape. The shapes of the Oka golf ball are pen- 
tagonal, hexagonal and octagonal. 

[0022] The golf ball rules further require that a golf ball have an 



overall distance no greater than 296.8 yds (the limit is 
280 yds, or 256 m, plus a six percent tolerance for the to- 
tal distance of 296.8 yds) and an initial velocity no greater 
than 255.0 ft/s (the limit is 250 ft/s or 76.2 m/s, with a 
two percent maximum tolerance that allows for an initial 
velocity of 255 ft/s) measured on a USGA approved appa- 
ratus. 

[0023] The initial velocity test for conformance is comprised of a 
large 275 pound wheel that rotates around a central axis 
at a rate of 143.8 feet per second (striker tangential ve- 
locity) and strikes a stationary golf ball resting on a tee. 
The wheel has a flat plate that protrudes during its final 
revolution prior to impact with the golf ball. The ball's ve- 
locity is then measured via light gates as it travels ap- 
proximately six feet through an enclosed tunnel. Balls are 
kept in an incubator at a constant temperature of 23 de- 
grees Celsius for at least three hours before they are 
tested for initial velocity performance. To test for initial 
velocity, balls are placed on a tee and hit with the metal 
striker described above. Twenty-four balls of a particular 
type make up one test. Each ball is hit with the spinning 
wheel a total of four times. The highest and lowest 
recorded velocities are eliminated and the remaining two 



velocities are averaged to determine tlie ball speed for 
that specific ball. The individual speeds of the 24 balls in 
the group are then averaged, and that is considered the 
mean initial velocity (IV) of the group for the test. 

[0024] For USGA conformance purposes, a ball with a mean initial 
velocity of less than 255.0 ft/s is considered conforming 
to the USGA Rule of Golf and can be played in sanctioned 
events. For reference to the USGA Wheel Test see the 
USGA web-site at www.usga.com, or reference U.S. Patent 
Number 5,682,230 for further information. 

[0025] Generally speaking, the USGA IV test is designed to be a 
consistent measurement tool capable of regulating the 
speed (and ultimately distance) of golf balls. It is com- 
monly known in the industry that golf ball manufacturers 
perform a simpler test on prototype golf balls and then 
attempt to correlate the results to the USGA Wheel Test. 
One type of correlation test is the Coefficient of Restitu- 
tion ("COR") test, which consists of firing a golf ball from a 
cannon into a fixed plate and taking the ratio of outgoing 
velocity to incoming velocity. 

[0026] The Coefficient of Restitution is the ratio of the velocity of 
separation (V -V ) to the velocity of approach (V -V 

outl out2 inl 

), where COR = (V -V )/(V -V ). The value of 

in2 outl out2 inl in2 



COR will depend on the shape and material properties of 
the colliding bodies. In elastic impact, the COR is unity 
and there is no energy loss. A COR of zero indicates per- 
fectly inelastic or plastic impact, where there is no separa- 
tion of the bodies after collision and the energy loss is a 
maximum. In oblique impact, the COR applies only to 
those components of velocity along the line of impact or 
normal to the plane of impact. The coefficient of restitu- 
tion between two materials can be measured by making 
one body many times larger than the other so that m^ 
(mass of larger body) is infinitely large in comparison to m 
(mass of the smaller body). The velocity of m^ is un- 
changed for all practical purposes during impact and 



[0027] One particular type of COR test device that is commonly 
used in the golf ball industry is the ADC COR machine de- 




veloped by Automated Design Corporation. Based on tlie 
definition of COR above, is a large 4001b plate fixed 
vertically that the ball (m^) is fired into. The impact of the 
golf ball to the large fixed plate is an oblique impact. 
Software developed by Automated Design Corporation ac- 
curately calculates the normal velocities given the dimen- 
sions of the machine and outputs a value for Coefficient 
of Restitution as defined above. 

[0028] U.S. Patent Number 5,209,485, filed in 1991, discloses a 
restricted flight golf ball that has a reduced COR. How- 
ever, the '485 patent also discloses, for comparison pur- 
poses, that the TOP FLITE®XL golf balls, manufactured and 
sold by Spalding had a COR value of 0.813 when fired at a 
speed of 125 ft/s. The '485 patent also discloses that the 
Spalding SUPER RANGE golf ball had a COR value of 0.817 
when fired at a speed of 125 ft/s. However, the SUPER 
RANGE golf ball was a non-conforming golf ball and thus 
had an IV value greater than 255 ft/s. 

[0029] U.S. Patent Number 5,803,831, filed in 1996 discloses in 
Table 14 a finished solid three-piece golf ball that has a 
COR of 0.784 at a speed of what is believed to be 125 ft/ 
s. 

[0030] Although the prior art has set forth numerous variations 



for the surface of a golf ball, the prior art golf balls fail to 
provide an aerodynamic golf ball with a surface that mini- 
mizes the volume needed to trip the boundary layer of air 
at low speeds while providing a low drag level at high 
speeds and that conforms to the USGA IV limit of 255 feet 

per second while having a high COR. 
Summary of Invention 

[0031] The present invention provides a solution to the problem 
of adhering to the USGA initial velocity limit of 255 feet 
per second for a golf ball while increasing the distance a 
golf ball travels when struck with a golf club. The solution 
is a solid three-piece golf ball with a high PGA compres- 
sion core, a thin cover and an aerodynamic surface geom- 
etry that adheres to the USGA initial velocity limit. 

[0032] One aspect of the present invention is a golf ball including 
a core composed of a polybutadiene blend, an intermedi- 
ate layer, a cover, and an innersphere with a plurality of 
lattice members forming a predetermined pattern of poly- 
gons. The golf ball has a ball Shore D hardness ranging 
from 45 points to 75 points as measured on the surface of 
the golf ball, a coefficient of restitution greater than 
0.7964 at 143 feet per second, and an USGA initial veloc- 
ity less than 255.0 feet per second. 



[0033] Another aspect of the invention is a golf ball that includes 
a core composed of a polybutadiene blend, an intermedi- 
ate layer composed of a thermoplastic material, a cover 
composed of a thermosetting polyurethane material, and 
an innersphere with a plurality of lattice members forming 
a predetermined pattern of polygons. The golf ball has a 
ball Shore D hardness ranging from 45 points to 75 points 
as measured on the surface of the golf ball, a coefficient 
of restitution greater than 0.7964 at 143 feet per second, 
and an USGA initial velocity less than 255.0 feet per sec- 
ond. The core has a PGA compression ranging from 75 
points to 120 points. The intermediate layer has a Shore D 
hardness ranging from 50 points to 75 points as mea- 
sured on the surface of the intermediate layer. 

[0034] Yet another aspect of the present invention is a golf ball 
that includes a solid core composed of a polybutadiene 
blend, an intermediate layer composed of an ionomer ma- 
terial, a cover composed of a polyurethane material, and 
an innersphere with a plurality of lattice members forming 
a predetermined pattern of polygons. The solid core has a 
PGA compression ranging from 75 points to 120 points, a 
diameter ranging from 1.35 inches to 1.64 inches, and a 
mass ranging from 32 grams to 40 grams. The intermedi- 



ate layer has a Shore D hardness ranging from 55 points 
to 75 points as measured on the curved surface of the in- 
termediate layer. The cover has a thickness ranging from 
0.015 inch to 0.044 inch. The golf ball has a coefficient of 
restitution greater than 0.7964 at 143 feet per second, 
and an USGA initial velocity less than 255.0 feet per sec- 
ond. The golf ball also has a ball Shore D hardness rang- 
ing from 50 points to 75 points as measured on the sur- 
face of the golf ball. 
[0035] Having briefly described the present invention, the above 
and further objects, features and advantages thereof will 
be recognized by those skilled in the pertinent art from 
the following detailed description of the invention when 

taken in conjunction with the accompanying drawings. 
Brief Description of Drawings 

[0036] FIG. 1 is a cross-sectional view of a solid three-piece golf 
ball. 

[0037] FIG, 2 is a graph of the outgoing speed (y-axis) versus the 
incoming speed (x-axis) to demonstrate the curve fitting 
operation for determining the COR of the golf ball of the 
present invention. 

[0038] FIG. 3 is an equatorial view of a golf ball of the present in- 
vention. 



[0039] FIG. 4 is a polar view of the golf ball of the FIG. 3. 
[0040] FIG. 5 is an enlargement of a section of FIG. 3. 
[0041] FIG. 6 is an enlargement of a section of FIG. 5. 

[0042] FIG. 6A is a cross-sectional view of the surface of the golf 
ball of the present invention illustrating an outersphere, 
also referred to as a phantom sphere. 

[0043] FIG. 7 is a cross-sectional view of one embodiment of lat- 
tice members of the golf ball of the present invention. 

[0044] FIG. 8 is a cross-sectional view of an alternative embodi- 
ment of lattice members of the golf ball of the present in- 
vention. 

[0045] FIG. 8A is a top plan view of FIG. 8 to illustrate the width 
of the apex of each of the lattice members. 

[0046] FIG. 9 is an isolated cross-sectional view of one embodi- 
ment of lattice members of the golf ball of the present in- 
vention. 

[0047] FIG. 10 is a cross-sectional view of a preferred embodi- 
ment of lattice members of the golf ball of the present in- 
vention. 

[0048] FIG. 11 is a front view of the preferred embodiment of the 
golf ball of the present invention illustrating the alternat- 
ing parting line. 



[0049] FIG. IIA is a perspective view of tlie golf ball of FIG. 11. 
[0050] FIG. 1 IB is a polar view of the golf ball of FIG. 11. 

[0051] FIG. lie is an identical view of FIG. 11 illustrating the 

pentagonal grouping of hexagons. 
[0052] FIG. 12 is a graph of the lift coefficient versus Reynolds 

number for traditional golf balls. 
[0053] FIG. 13 is a graph of the drag coefficient versus Reynolds 

number for traditional golf balls. 
[0054] FIG. 14 is a graph of the lift coefficient versus Reynolds 

number for the golf ball of the present invention for four 

different backspins. 
[0055] FIG. 15 is a graph of the drag coefficient versus Reynolds 

number for the golf ball of the present invention for four 

different backspins. 
[0056] FIG. 16 is an enlarged view of the surface of a golf ball of 

the present invention to demonstrate the minimal volume 

feature of the present invention. 
[0057] FIG. 17 is an enlarged view of the surface of a golf ball of 

the prior art for comparison to the minimal volume fea- 
ture of the present invention. 
[0058] FIG. 18 is a chart of the minimal volume. 

Detailed Description 



[0059] As shown in FIG. 1, a golf ball of the present invention is 
generally designated 10. The golf ball 10 has a coefficient 
of restitution greater than 0.7964 at 143 feet per second, 
and an USGA initial velocity less than 255.0 feet per sec- 
ond. The golf ball of FIG. 1 is a solid three-piece golf ball 
10 having a core 12, a cover 14 and an intermediate layer 
16. Those skilled in the pertinent art, however, will recog- 
nize that other golf balls may be utilized without depart- 
ing from the scope and spirit of the present invention. 

[0060] The surface geometry of the golf ball 10 is a non-dimple 
surface geometry and will be described in greater detail 
below. 

[0061] The golf ball 10 is finished with either a very thin (microns 
in thickness) single top coating, or is painted with one or 
more base coats of paint, typically white, before applica- 
tion of a clear coat. The material of the cover 14 may be 
doped for coloring, as is well known in the art. 

[0062] The core 12 of the golf ball 10 is the "engine" for the golf 
ball 10 such that the inherent properties of the core 12 
will strongly determine the initial velocity and distance of 
the golf ball 10. A higher initial velocity will usually result 
in a greater overall distance for a golf ball. However, the 
initial velocity and overall distance of a golf ball must not 



exceed the USGA and R&A limits in order to conform to 
the Rules of Golf. Therefore, the core 12 for a USGA ap- 
proved golf ball is constructed to enable the golf ball 10 
to meet, yet not exceed, these limits. 

[0063] The COR is a measure of the resilience of a golf ball. A 

golf ball having a COR value closer to 1 will generally cor- 
respond to a golf ball having a higher initial velocity and a 
greater overall distance. In general, a higher compression 
core will result in a higher COR value. 

[0064] The core 12 of the golf ball 10 is generally composed of a 
blend of a base rubber, a cross-linking agent, a free radi- 
cal initiator, and one or more fillers or processing aids. A 
preferred base rubber is a polybutadiene having a cis-1,4 
content above 90%, and more preferably 98% or above. 

[0065] The use of cross-linking agents in a polybutadiene core is 
well known, and metal acrylate salts are examples of such 
cross-linking agents. Metal salt diacrylates, dimethacry- 
lates, or mono(meth)acrylates are preferred for use in the 
core 12 of the golf ball 10 of the present invention, and 
zinc diacrylate is a particularly preferred cross-linking 
agent. A commercially available suitable zinc diacrylate is 
SR-416 available from Sartomer Co., Inc., Exton, Pennsyl- 
vania. Other metal salt di- or mono- (meth)acrylates suit- 



able for use in the present invention include those in 
which the metal is calcium or magnesium. In the manu- 
facturing process it may be beneficial to pre-mix some 
cross-linking agent(s), such as zinc diacrylate with the 
polybutadiene in a master batch prior to blending with 
other core components. 

[0066] Free radical initiators are used to promote cross-linking of 
the base rubber and the cross-linking agent. Suitable free 
radical initiators for use in the core 12 of the golf ball 10 
of the present invention include peroxides such as 
dicumyl peroxide, bis-(t-butyl peroxy) diisopropyl ben- 
zene, t-butyl perbenzoate, di-t-butyl peroxide, 
2,5-dimethyl-2,5-di-5-butylperoxy-hexane, 1,1-di 
(t-butylperoxy) 3,3,5-trimethyl cyclohexane, and the like, 
all of which are readily commercially available. 

[0067] Zinc oxide is also preferably included in the core formula- 
tion. Zinc oxide may primarily be used as a weight adjust- 
ing filler, and is also believed to participate in the cross- 
linking of the other components of the core (e.g. as a coa- 
gent). Additional processing aids such as dispersants and 
activators may optionally be included. In particular, zinc 
stearate may be added as a processing aid (e.g. as an ac- 
tivator). Any of a number of specific gravity adjusting 



fillers may be included to obtain a preferred total weight 
of the core 12. Examples of such fillers include tungsten 
and barium sulfate. All such processing aids and fillers are 
readily commercially available. The present inventors have 
found a particularly useful tungsten filler is WP102 Tung- 
sten (having a 3 micron particle size) available from At- 
lantic Equipment, Bergenfield, New Jersey. 
[0068] Table One below provides the ranges of materials in- 
cluded in the preferred core formulations of the present 
invention. 



Table One: Core Formulation 


Component 


Preferred Range 


Most Preferred Range 


Polybutadiene 


100 parts 


100 parts 


Zinc diacrylate 


20-35 phr 


25-30 phr 


Zinc oxide 


0-50 phr 


5-15 phr 


Zinc stearate 


0-15 phr 


1-10 phr 


Peroxide 


0.2 -2.5 phr 


0.5 -1.5 phr 


Filler 

(e.g. tungsten) 


As desired 
(2-14 phr) 


As desired 
(10 phr) 



[0069] In the present invention, tlie core components are mixed 
and compression molded in a conventional manner known 
to those skilled in the art. The finished core 12 preferably 
has a diameter of about 1.35 to about 1.64 inches for a 
golf ball 10 having an outer diameter of 1.68 inches, more 
preferably a diameter of 1.45 inches to 1.55 inches, and 
most preferably a diameter ranging from 1.49 inch to 
1.515 inch. The core weight is preferably maintained in 
the range of about 32 grams to about 40 grams. The core 
PGA compression is preferably maintained in the range of 
about 75 points to 120 points, most preferably about 90 
points to 110 points, and the most preferred is a PGA 
compression of 90 or 100 points. 

[0070] As used herein, the term "PGA compression" is defined as 
follows: 

[0071] PGA compression value = 180 - Riehle compression value 

[0072] jhe Riehle compression value is the amount of deforma- 
tion of a golf ball in inches under a static load of 200 
pounds, multiplied by 1000. Accordingly, for a deforma- 
tion of 0.095 inches under a load of 200 pounds, the 
Riehle compression value is 95 and the PGA compression 
value is 85. 

[0073] In a preferred embodiment, the cover 14 is composed of a 



thermosetting polyurethane material. Preferably the ther- 
mosetting polyurethane material is formed from a blend 
of polyurethane prepolymers and curing agents such as 
disclosed in U.S. Patent Number 6,190,268, which is 
hereby incorporated by reference in its entirety. However, 
in an alternative embodiment, the cover 14 is composed 
of a blend of ionomers, as discussed below in reference to 
the intermediate layer 16. 
[0074] The intermediate layer 16 is preferably composed of a 

thermoplastic material or a blend of thermoplastic materi- 
als (e.g. metal containing, non-metal containing or both). 
Most preferably the intermediate layer 16 is composed of 
at least one thermoplastic material that contains organic 
chain molecules and metal ions. The metal ion is sodium, 
zinc, magnesium, lithium, potassium, cesium, or any polar 
metal ion that serves as a reversible cross-linking site and 
results in high levels of resilience and impact resistance. 
Suitable commercially available thermoplastic materials 
are ionomers based on ethylene copolymers and contain- 
ing carboxylic acid groups with metal ions such as de- 
scribed above. The acid levels in such suitable ionomers 
may be neutralized to control resiliency, impact resistance 
and other like properties. In addition, other fillers with 



ionomer carriers may be used to modify tlie specific grav- 
ity of the thermoplastic material blend to adjust the mo- 
ment of inertia and other like properties. Exemplary com- 
mercially available thermoplastic materials suitable for use 
in an intermediate layer 16 of a golf ball 10 of the present 
invention include, for example, the following materials 
and/or blends of the following materials: HYTREL®and/or 
HYLENE® products from DuPont, Wilmington, Delaware, 
PEBAX® products from Elf Atochem, Philadelphia, Pennsyl- 
vania, SURLYN® products from DuPont, and/or ESCOR® or 
lOTEK® products from Exxon Chemical, Houston, Texas. 

[0075] The Shore D hardness of the intermediate layer 16 is 

preferably 50 to 75. It is preferred that the intermediate 
layer 16 has a hardness of between about 65-70 Shore D. 
In a preferred embodiment, the intermediate layer 16 has 
a Shore D hardness of about 68. It is also preferred that 
the intermediate layer 16 is composed of a blend of 
SURLYN® ionomer resins. 

[0076] SURLYN®8150, 9150, and 6320 are, respectively, an 

ionomer resin composed of a sodium neutralized ethy- 
lene/methacrylic acid, an ionomer resin composed of a 
zinc neutralized ethylene/methacrylic acid, and an 
ionomer resin composed of a terpolymer of ethylene. 



methacrylic acid and n-butyl acrylate partially neutralized 
with magnesium, all of which are available from DuPont, 
Polymer Products, Wilmington, Delaware. It is well known 
in the art that one may vary the amounts of the different 
types of resins in order to adjust the hardness of the final 
material. 

[0077] jhe intermediate layer 16 may include a predetermined 
amount of a baryte mixture. The baryte mixture is in- 
cluded as 8 or 9 parts per hundred parts of the ionomer 
resins. One preferred baryte mixture is composed of 80% 
barytes and 20% of an ionomer, and is available from 
Americhem, Inc., Cuyahoga Falls, Ohio, under the trade 
designation 38534X1. 

[0078] A preferred embodiment of the golf ball 10 of the present 
invention is a solid three-piece golf ball. However, an al- 
ternative embodiment has a wound layer between the in- 
termediate layer 16 and the cover 14 such as disclosed in 
U.S. Patent Number 6,379,266, filed on March 16, 2000, 
for a Four Piece Golf Ball, which pertinent parts are hereby 
incorporated by reference. The core 12 is composed of a 
polybutadiene blend as described above. The core 12 has 
a diameter between 1.45 inches and 1.55 inches, and 
most preferably 1.49 inches. The core 12 has a PGA com- 



pression of preferably 90 points or 100 points. Tlie inter- 
mediate layer 16 is preferably composed of substantially 
equal parts of the ionomer resins, SURLYN 8150 and 
SURLYN 9150, with a range of 40 to 60 parts of SURLYN 
8150 to a range of 60 to 40 of SURLYN 9150. The 
ionomer blend of materials is preferably injection molded 
over the core to a thickness of between 0.040 inch to 
0.080 inch, and most preferably 0.075 inch. The Shore D 
hardness of the materials of the intermediate layer 16 is 
preferably between 62 to 75 Shore D as measured accord- 
ing to ASTM D-2290, except the measurement is per- 
formed on the curved surface of the intermediate layer 16 
by tearing off the cover 14 and using an Instron Shore D 
Hardness measurement device. The cover 14 is preferably 
composed of thermosetting polyurethane material, 
preferably formed from a tri-blend of polyurethane pre- 
polymers and curing agents. The cover 14 is preferably 
cast over the intermediate layer 16 and core 12, in a cast- 
ing process such as described in U.S. Patent Number 
6,395,218 for a System and Method for Forming a Ther- 
moset Golf Ball Cover, filed on February 01, 2000 and 
hereby incorporated by reference. The cover 14 preferably 
has a thickness of between 0.015 inch to 0.044 inch, and 



most preferably 0.020 inch. The Shore D hardness of the 
golf ball 10, as measured on the golf ball is between 55 
Shore D points to 70 Shore D points, and most preferably 
65 Shore D points. The hardness of the golf ball 10 is 
measured using an Instron Shore D Hardness measure- 
ment device wherein the golf ball 10 is placed within a 
holder and the pin is lowered to the surface to measure 
the hardness. The average of five measurements is used 
in calculating the ball hardness. The ball hardness is 
preferably measured on a land area of the cover 14. 

[0079] The overall diameter of the golf ball is approximately 1.68 
inches, and the weight is approximately 45.5 grams. 
Those skilled in the pertinent art will recognize that a golf 
ball 10 with a larger diameter such as 1.70 inches is 
within the scope and spirit of the present invention. The 
preferred golf ball 10 has a COR of approximately 0.8152 
at 143 feet per second, and an initial velocity between 250 
feet per second to 255 feet per second under USGA initial 
velocity conditions. 

[0080] Several golf balls 10 of the present invention were tested 
for COR against golf balls currently on the market. The 
balls were kept in an incubator at a constant temperature 
of 23 degrees Celsius for at least three hours before they 



were tested for COR performance. To test the COR of a 
particular ball type, six balls were loaded into a COR ma- 
chine and fired one at a time through a cannon via com- 
pressed air. The test begins by firing the first balls at ap- 
proximately 80 feet per second, and ends with the last 
ball firing approximately 180 feet per second. Each of the 
six balls is fired eight times for a combined 48 shots over 
the range of speeds between 80-180 feet per second. 

[0081] To determine the COR of a golf ball at any specific incom- 
ing velocity, a third-order polynomial curve is fit through 
the 48 data points and constrained at the origin. This 
polynomial fit is extremely accurate (with an RA2 fit value 
greater than 0.999) and allows the COR to be determined 
at an exact speed of 143 fps without actually having to 
achieve that specific cannon velocity. The COR is then ob- 
tained by plugging in 143 into the third-order polynomial 
equation and taking the ratio of outgoing velocity to in- 
coming velocity to calculate the coefficient of restitution. 
For reference to the ADC COR machine see Automated 
Design Corporation web-site at 
www.automateddesign.com. 

[0082] Table Two illustrates the results of COR testing of com- 
mercially available golf balls. The Callaway Golf RULE 35® 



golf balls (FIRMFEEL and SOFTFEEL), the Titleist PRO VI 
392, Nike TOUR ACCURACY, Spalding STRATA TOUR PRO- 
FESSIONAL, and the Bridgestone BUM, are all solid three- 
piece golf balls. The Maxfli REVOLUTION and the Titleist 
PROFESSIONAL are both wound golf balls. The other golf 
balls are two-piece golf balls. All of the non-two-piece 
golf balls had a COR below 0.797 at a speed of 143 fps, 
and all of the golf balls of Table Two had a COR below 
0.802 at speed of 143 fps. Only the Callaway Golf RULE 
35®golf balls (FIRMFEEL and SOFTFEEL) and the Titleist 
PRO VI golf balls have a cover thickness below 0.044 
inch. 
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Distance 3 , 
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68 


0.8012 



[0083] Table Three illustrates the COR calculation of ten exem- 
plary golf balls 10 of the present invention. The surface 
geometry of these exemplary golf balls 10 includes 382 
dimples arranged as described in U.S. Patent Number 
6,224,499. The four columns are the COR at speeds of 80 
feet per second, 125 feet per second, 143 feet per second 
and 180 feet per second. The COR at 143 feet per second 
for each of the golf balls 10 of the present invention is at 
least 0.8115, and most have a COR over 0.815. FIG. 2 il- 
lustrates the curve fitting operation that generated the 



numbers for Table Three. 
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[0084] Table Four illustrates the properties of the ten exemplary 
golf balls 10 of Table Three. Each of the ten golf balls has 
a solid polybutadiene core 12, an intermediate layer 16 
composed of a blend of ionomers, and a thermosetting 
polyurethane cover 14 having a thickness of 0.020 inch. 
The PGA compression of the cores 12 of each of the ten 
golf balls 10 varies from 90 to 100 points. The diameter 
of each of the cores 12 varies from 1.490 inches to 1.515 
inches. The thickness of each of the intermediate layers 
16 varies from 0.0525 inch to 0.75 inch. The cover mate- 



rial is a cast tliermosetting polyurethane (CTPU), and tlie 
cover liardness is tlie liardness of tlie material measured 
on a plaque according to ASTM D-2290, as opposed to 
the ball hardness, which is measured on the ball. 

Table Four 



Ball 


Core 
Comp. 


Core 
Diameter 


Inter. 

Thickness 


Cover 
Material 


Cover 
Hardness 


Cover 
Thickness 


1 


90 


1.515 


.0625 


CTPU 


45D 


0.020 
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90 


1.490 


.075 


CTPU 


45D 


0.020 


3 


100 


1.515 


.0625 


CTPU 


45D 


0.020 
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100 


1.490 


.075 


CTPU 


45D 


0.020 
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90 


1.515 


.0625 


CTPU 


60D 


0.020 
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90 


1.490 


.075 


CTPU 


60D 


0.020 


7 


100 


1.515 


.0625 


CTPU 


60D 


0.020 


8 


100 


1.490 


.075 


CTPU 


60D 


0.020 


9 


90 


1.490 


.075 


CTPU 


45D 


0.020 


10 


70 


1.515 


.0525 


CTPU 


53D 


0.030 



[0085] Although the ten exemplary golf balls shown in Tables 
Three and Four have a dimple pattern, the golf ball 10 of 
the present invention preferably has a non-dimpled sur- 
face geometry. As shown in FIGS. 3-6, the golf ball 10 has 
an innersphere 21 with an innersphere surface 22. The 
golf ball 10 also has an equator 24 dividing the golf ball 
into a first hemisphere 26 and a second hemisphere 28. A 
first pole 30 is located ninety degrees along a longitudinal 
arc from the equator 24 in the first hemisphere 26. A sec- 



ond pole 32 is located ninety degrees along a longitudinal 
arc from the equator 24 in the second hemisphere 28. 
[0086] Descending toward the surface 22 of the innersphere 21 
are a plurality of lattice members 40. In a preferred em- 
bodiment, the lattice members 40 are tubular, however, 
those skilled in the pertinent art will recognize that the 
lattice members 40 may have other similar shapes. The 
lattice members 40 are connected to each other to form a 
lattice structure 42 on the golf ball 10. The interconnected 
lattice members 40 form a plurality of polygons encom- 
passing discrete areas of the surface 22 of the inner- 
sphere 21. Most of these discrete bounded areas 44 are 
hexagonal shaped bounded areas 44a, with a few pentag- 
onal shaped bounded areas 44b, a few octagonal shaped 
bounded areas 44c, and a few quadragonal shaped 
bounded areas 44d. In the embodiment of FIGS. 3-6, 
there are 380 polygons. In the preferred embodiment, 
each of the plurality of lattice members 40 are connected 
to at least another lattice member 40. Each of the lattice 
members 40 meets at least two other lattice members 40 
at a vertex 46. Most of the vertices 46 are the congruence 
of three lattice members 40, however, some vertices 46a 
are the congruence of four lattice members 40. These 



vertices 46a are located at the equator 24 of the golf ball 
10. The length of each of the lattice members 40 ranges 
from 0.005 inch to 0.01 inch, thereby defining an outer- 
sphere of at least 1.68 inches. 

[0087] The preferred embodiment of the present invention has 
reduced the land to almost zero, since only a line of each 
of the plurality of lattice members 40 is in a spherical 
plane at 1.68 inches, the outersphere. More specifically, 
the land area of traditional golf balls is the area forming a 
sphere of at least 1.68 inches for USGA and R&A conform- 
ing golf balls. This land area is traditionally minimized 
with dimples that are concave into the surface of the 
sphere of the traditional golf ball, resulting in land area 
on the non-dimpled surface of the golf ball. However, the 
golf ball 10 of the present invention has only a line at an 
apex 50 of each of the lattice members 40 that defines 
the land area of the outersphere of the golf ball 10. 

[0088] Traditional golf balls were designed to have the dimples 
"trip" the boundary layer on the surface of a golf ball in 
flight to create a turbulent flow for greater lift and re- 
duced drag. The golf ball 10 of the present invention has 
the lattice structure 42 to trip the boundary layer of air 
about the surface of the golf ball 10 in flight. 



[0089] As shown in FIG. 6A, a 1.68 inches outersphere, as shown 
by dashed line 45, encompasses the lattice members 40 
and the innersphere 21. The volume of the lattice struc- 
ture 42 as measured from the bottom of each lattice 
member 40 to the apex 50 is a minimal amount of the 
volume between 1.68 inches outersphere 45 and the in- 
nersphere 21. In the preferred embodiment, the apex 50 
lies on the 1.68 inches outersphere 45. Thus, over 90 
percent, and closer to 95 percent, of the entire volume of 
the golf ball 10 lies below the 1.68 inches outersphere 45. 

[0090] As shown in FIGS. 7 and 8, the distance h and h' of the 

lattice members 40 from the bottom of each lattice mem- 
ber 40 to an apex 50 will vary in order to have the golf 
ball 10 meet or exceed the 1.68 inches requirement. For 
example, if the diameter of the innersphere 21 is 1.666 
inches, then the distance h of the lattice members 40 in 
FIG. 7 is 0.007 inch, since the lattice member 40 on one 
hemisphere 26 is combined with the corresponding lattice 
member 40 on the second hemisphere 28 to reach the 
1.68 inches requirement. In a preferred embodiment, if 
lattice members 40 having a greater distance h' are de- 
sired, such as in FIG. 8, then the innersphere 21 has a 
lesser diameter. Thus, the diameter of the innersphere 21 



in FIG. 8 is 1.662 inches, while the distance h' of the lat- 
tice members 40 is 0.009 inch, thereby resulting in an 
outersphere with a diameter of 1.68 inches. As shown in 
FIG. 8A, the width of each of the apices 50 is minimal 
since the apex lies along an arc of a lattice member 40. In 
theory, the width of each apex 50 should approach the 
width of a line. In practice, the width of each apex 50 of 
each lattice member 40 is determined by the precision of 
the mold utilized to produce the golf ball 10. The preci- 
sion of the mold is itself determined by the master used 
to form the mold. In practice, the width of each line 
ranges from 0.0001 inch to 0.001 inch. 
[0091] Although in the cross-section of the lattice members 40 
shown in FIGS. 7 and 8 are circular, a preferred cross- 
section of each of the plurality of lattice members 40 is 
shown in FIGS. 9 and 10. In such a preferred cross-sec- 
tion, the lattice member 40 has a contour 52 that has a 
first concave section 54, a convex section 56 and a sec- 
ond concave section 58. The radius of the convex por- 
tion 56 of each of the lattice members 40 is preferably in 
the range of 0.0275 inch to 0.0350 inch. The radius of 
the first and second concave portions 54 and 58 is prefer- 
ably in the range of 0.150 inch to 0.200 inch, and most 



preferably 0.175 inch. is tlie radius of the innersphere, 
which is preferably 0.831 inch. R^^ is the radius of the 
outersphere, which is preferably 1.68 inches. 

[0092] A preferred embodiment of the present invention is illus- 
trated in FIGS. 11, llA, IIB and IIC. In this embodiment, 
the golf ball 10 has a parting line 100 that corresponds to 
the shape of a polygon defined by the plurality of lattice 
members 40 about the equator 24. Thus, if the polygons 
have a hexagonal shape, the parting line 100 will alternate 
along the lower half of one hexagon and the upper half of 
an adjacent hexagon. Such a golf ball 10 is fabricated us- 
ing a mold such as disclosed in co-pending U.S. Patent 
Application Number 09/442,845, filed on November 18, 
1999, entitled Mold For A Golf Ball, and incorporated 
herein by reference. The preferred embodiment allows for 
greater uniformity in the polygons. In the embodiment of 
FIGS. 11, llA, IIB and IIC, there are 332 polygons, with 
twelve of those polygons being pentagons and the rest 
being hexagons. 

[0093] As shown in FIG. 11, each hemisphere 26 and 28 has two 
rows of hexagons 70, 72, 74 and 76, adjacent the parting 
line 100. The pole 30 of the first hemisphere 26 is en- 
compassed by a pentagon 44b, as shown in FIG. 9B. The 



pentagon 44b at the pole 30 is encompassed by ever in- 
creasing splierical pentagonal groups of hexagons 80, 82, 
84, 86, and 88. A pentagonal group 90 has pentagons 
44b at each respective base, with hexagons 44a therebe- 
tween. The pentagonal groups 80, 82, 84, 86, 88 and 90 
transform into the four adjacent rows 70, 72, 74 and 76. 
The preferred embodiment only has hexagons 44a and 
pentagons 44b. 

[0094] FIGS. 12 and 13 illustrate the lift and drag of traditional 
golf balls at a backspin of 2000 rpm and 3000 rpm, re- 
spectively. FIGS. 14 and 15 illustrate the lift and drag of 
the present invention at four different backspins. The 
force acting on a golf ball in flight is calculated by the fol- 
lowing trajectory equation: 

F=Fl +Fd + G (A) 



[0095] wherein Fis the force acting on the golf ball; is the lift; 
is the drag; and G is gravity. The lift and the drag in 
equation A are calculated by the following equations: 



Fi = O.SCiAp^ (B) 
Fd = O.SCdAp^ (C) 



[0096] wherein c is tlie lift coefficient; C is the drag coeffi- 

L D ^ 

cient; A is the maximum cross-sectional area of the golf 
ball; □ is the density of the air; and v is the golf ball air- 
speed. 

[0097] jhe drag coefficient, C and the lift coefficient, C may 

D, L, 

be calculated using the following equations: 

Cd-2FdAp^ (D) 
Cl.zFlAp^ (E) 



[0098] The Reynolds number is a dimensionless parameter that 
quantifies the ratio of inertial to viscous forces acting on 
an object moving in a fluid. Turbulent flow for a dimpled 



golf ball occurs when R is greater than 40000. If R is less 
than 40000, the flow may be laminar. The turbulent flow 
of air about a dimpled golf ball in flight allows it to travel 
farther than a smooth golf ball. 
[0099] The Reynolds number R is calculated from the following 
equation: 



[0100] wherein v is the average velocity of the golf ball; D is the 
diameter of the golf ball (usually 1.68 inches); pis the 

3 

density of air (0.00238 slugs/ft at standard atmospheric 
conditions); and □ is the absolute viscosity of air (3.74 x 

-7 2 

10 lb*sec/ft at standard atmospheric conditions). A 
Reynolds number, R, of 180,000 for a golf ball having a 
USGA approved diameter of 1.68 inches, at standard at- 
mospheric conditions, approximately corresponds to a 
golf ball hit from the tee at 200 ft/s or 136 mph, which is 
the point in time during the flight of a golf ball when the 
golf ball attains its highest speed. A Reynolds number, R, 





of 70,000 for a golf ball having a USGA approved diameter 
of 1.68 inches, at standard atmospheric conditions, ap- 
proximately corresponds to a golf ball at its apex in its 
flight, 78 ft/s or 53 mph, which is the point in time during 
the flight of the golf ball when the travels at its slowest 
speed. Gravity will increase the speed of a golf ball after 
its reaches its apex. 

[0101] FIG. 12 illustrates the lift coefficient of traditional golf 
balls such as the Titlelist PROFESSIONAL, the Titlelist 
TOUR PRESTIGE, the Maxfli REVOLUTION and the Maxfli HT 
URETHANE. FIG. 13 illustrates the drag coefficient of tra- 
ditional golf balls such as the Titlelist PROFESSIONAL, the 
Titlelist TOUR PRESTIGE, the Maxfli REVOLUTION and the 
Maxfli HT URETHANE. 

[0102] All of the golf balls for the comparison test, including the 
golf ball 10 of the present invention, have a thermoset 
polyurethane cover. The golf ball 10 of the present inven- 
tion was constructed as set forth in U.S. Patent Number 
6,117,024, filed on July 27, 1999, for a Golf Ball with a 
Polyurethane Cover which pertinent parts are hereby in- 
corporated by reference. However, those skilled in the 
pertinent art will recognize that other materials may be 
used in the construction of the golf ball of the present in- 



vention. The aerodynamics of the lattice structure 42 of 
the present invention provides a greater lift with a re- 
duced drag thereby translating into a golf ball 10 that 
travels a greater distance than traditional golf balls of 
similar constructions. 

[0103] As compared to traditional golf balls, the golf ball 10 of 
the present invention is the only one that combines a 
lower drag coefficient at high speeds, and a greater lift 
coefficient at low speeds. Specifically, as shown in FIGS. 
12 and 13, none of the other golf balls has a lift coeffi- 
cient, C greater than 0.18 at a Reynolds number of 
70,000, and a drag coefficient C ^ less than 0.23 at a 
Reynolds number of 180,000. For example, while the Ti- 
tliest PROFESSIONAL has a C greater than 0.18 at a 
Reynolds number of 70,000, its is greater than 0.23 at 
a Reynolds number of 180,000. Also, while the Maxfli 
REVOLUTION has a drag coefficient greater than 0.23 
at a Reynolds number of 180,000, its C^^ is less than 0.18 
at a Reynolds number of 70,000. 

[0104] In this regard, the Rules of Golf, approved by the USGA 
and the R&A, limit the initial velocity of a golf ball to 250 
feet (76.2m) per second (a two percent maximum toler- 
ance allows for an initial velocity of 255 per second) and 



the overall distance to 280 yards (256m) plus a six per- 
cent tolerance for a total distance of 296.8 yards (the six 
percent tolerance may be lowered to four percent). A 
complete description of the Rules of Golf are available on 
the USGA web page at www.usga.org or at the R&A web 
page at www.randa.org. Thus, the initial velocity and 
overall distance of a golf ball must not exceed these limits 
in order to conform to the Rules of Golf. Therefore, the 
golf ball 10 should have a dimple pattern that enables the 
golf ball 10 to meet, yet not exceed, these limits. 
[0105] FIG. 16 is an enlarged view of the surface of the golf ball 
10 of the present invention to demonstrate the minimal 
volume of the golf ball 10 from a predetermined distance 
from the greatest extent of the golf ball 10, the outer- 
sphere. More specifically, the greatest extent of one em- 
bodiment of the golf ball 10 are the apices 50 of the lat- 
tice members 40 which lie on a spherical plane (shown as 
dashed line 45) which has a 1.682 inches diameter, the 
outersphere. Those skilled in the art should recognize 
that other embodiments could have the apices 50 lie on a 
spherical plane at 1.70 inches, 1.72 inches, 1.64 inches, 
1.60 inches, or any other variation in the diameter of the 
greatest extent of the golf ball 10. Having defined the 



greatest extent of the golf ball 10, the present invention 
will have a minimal volume from this greatest extent to- 
ward the innersphere 22. For example, dashed line 130 
represents a spherical plane that intersects each of the 
lattice members 40 at a distance of 0.002 inch (at a radius 
of 0.839 inch from the center) from the greatest extent of 
the golf ball 10. The volume of the golf ball 10 of the 
present invention between the greatest extent spherical 
plane 45 and the spherical plane 130 is only 0.0008134 
cubic inch. In other words, the outermost 0.002 inch 
(between a radius of 0.841 and 0.839 inch) of the golf ball 
10 has a volume 0.0008134 cubic inch. 
[0106] FIG. 17 illustrates the surface of a golf ball 140 of the 

prior art which has traditional dimples 142 encompassed 
by a land area 144. The land area 144 represents the 
greatest extent of the golf ball 140 of the prior art. For 
comparison to the golf ball 10 of the present invention, 
the volume of the golf ball 140 of the prior art between 
the greatest extent 144 and a spherical plane 130' is 
0.00213 cubic inch. Spherical planes 132, 134 and 136, at 
0.004 inch, 0.006 inch and 0.008 inch respectively, have 
volumes of 0.0023074 cubic inch, 0.0042164 cubic inch 
and 0.0065404 cubic inch, respectively on the golf ball 10 



of the present invention. Spherical planes 132', 134' and 
136', at 0.004 inch, 0.006 inch and 0.008 inch respec- 
tively, will have volumes of 0.00498 cubic inch, 0.00841 
cubic inch and 0.01238 cubic inch on the golf ball 140 of 
the prior art 140. Thus, as further shown in FIG. 18 and 
Table Five below, the golf ball 10 of the present invention 
will have a minimal volume at a predetermined distance 
from the greatest extent of the golf ball 10. This minimal 
volume is a minimal amount necessary to trip the bound- 
ary layer air at low speed while providing a low drag level 
at high speeds. The first column of Table Five is the dis- 
tance from the outermost point of the golf ball 10, which 
is the apex 50 of each of the lattice members 40. The 
second column is the individual volume of each of the 830 
lattice members 40 at this distance inward from the out- 
ermost point. The third column is the total volume of the 
spherical planes at each distance inward from the outer- 
most point. Table Six contains similar information for the 
golf ball 140 of the prior art. 



Table Five 



TubeH 
0.001 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 
0.008 
0.009 



Tube Vol 
0.00000035 
0.00000098 
0.00000181 
0.00000278 
0.00000387 
0.00000508 
0.00000641 
0.00000788 
0.00001123 



Total Volume 
0.0002905 
0.0008134 
0.0015023 
0.0023074 
0.0032121 
0.0042164 
0.0053203 
0.0065404 
0.0093209 



Table Six 

Shell Delta 1710 Remaining Vol Tot?il Runiainirn) 

Dia: . • Vol 



0.001 


0.000091 


0 00091 


0.002 . 


0 0002 K< 


O.OO'^.IS 


0.003 


0.000347 


0.00347 


0.004 


■ .■ 0.000498 


0.00498 


0.005 - 


0.000663 


0.00ti63 


0,006 


0.000841 


ri.G0841 


0..007 ■ ■ 


0.001033 


-.- - U.L ' vC3 


0.008 . " 


0.001238 


0.01238 


0.009 


0.0014W. 





[0107] From the foregoing it is believed tliat tliose sl<illed in tlie 
pertinent art will recognize the meritorious advancement 
of this invention and will readily understand that while the 
present invention has been described in association with a 
preferred embodiment thereof, and other embodiments 
illustrated in the accompanying drawings, numerous 
changes, modifications and substitutions of equivalents 
may be made therein without departing from the spirit 
and scope of this invention which is intended to be unlim- 
ited by the foregoing except as may appear in the follow- 
ing appended claims. Therefore, the embodiments of the 



invention in which an exclusive property or privilege is 
claimed are defined in the following appended claims. 



